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SIMPLODE:
AN IMPLODING GAS PUFF PLASMA MODEL
I. NEON

I. INTRODUCTION

The use of a gas puff plasma as a transducer for the
conversion of electrical to radiative energy has been the focus
of an intense experimental and theoretical program for the past
several years. Although a considerable amount of electrical and
spectral data has been generated the bulk of it remains
uncorrelated and wunanalyzed. Only for those shots where the
radiative yield was considered impressive has there been any
analysis. Generally, the "analysis" provided information on the
average plasma temperature and density from emission spectra,
plasma size from x-ray pinhole photos and total radiative yield
from calorimetry. Based on this "analysis" it would be difficult
to obtain anything but the most rudimentary understanding of the
plasma dynamics, certainly not enough to allow the systematic
selection of both the machine parameters and load characteristics
that would predict an optimum radiative yield shot.

The theory effort 1is chartered to develop a variety of
theoretical models, tools, and numerical simulations to
understand, guide, and predict the Dbehavior of these high
brightness laboratory x-ray sources. The models vary from the
simple O0-D hydrodynamic implosion schemes to the complex and
sophisticated 2-D Non-LTE radiation magnetohydrodynamic numerical
simulations. These models have recently been used successfully
for analysis and interpretation of several past and present
experiments as well as for scaling to higher energy systems.1-3
For this investigation it was essential to have a theoretical
capability that would provide, in real time, an interactive link
between theory and experiment. This requirement precluded the
use of the more sophisticated numerical models which required
large continuous intervals of computer time, which was

unavailable, and therefore dictated the application of a 1less
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sophisticated model but one that included some of the relevant
physics. The SIMPLODE model satisfies these requirements.
Briefly, the SIMPLODE model describes the 0-D implosion dynamics
of a current driven plasma slug self-consistently coupled to a
Non-LTE radiation physics model and is ideal for use with the gas
puff experiments at NRL on the GAMBLE II facility.

Recently the GAMBLE II pulse power facility has been
upgraded to accomodate gas puff 1loads. This modification
enhanzes GAMBLE II's versatility by expanding the types of
material loads that c¢an be investigated on it making the facility
very attractive for examining Plasma Radiation Source (PRS)
Loads, The 1inaugural series of experiments involved krypton,
argon, and neon with most of the work being devoted to neon.
These experiments were designed to calibrate the facility and
determine its performance level 1in dealing with gas puff 1loads
and nozzle technology. Also, neon was a better matched load for
GAMBLE II in terms of the efficient conversion of electrical
energy to K-shell radiation. Another aspect of the GAMBLE 1II
experiments was to examine the impact of sharper 2urrent risetime
on the implosion dynamics and radiative yields.

The work presented here will be c¢ongerned primarily with
some of the theoretical aspects of the neon gas puff plasmas. In
particular, the dynamiec and radiative characteristics of the
implosion as a function of input parameters,. A comparison with
some of the experimental results will be made. A report
describing the majority of the experiments 1is currently 1in
preparation in conjunction with the Plasma Technology Branch and
is forthcoming.

II. Model

The simplest description of an imploding Z-pinch plasma is

probably the Bennet pinch equilibrium model.u

It represents an
equilibrium balance between the fluid and the magnetisc pressures
in combination with an equilibrium balance between the energy in

and the energy out. The obvious extension to the Bennet
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equilibrium pinch model 1is the inclusion of flow parameters i

following the temporal evolution of the plasma, i.e., maintain

NI

the simple philosophy of the Bennet pinch but allow the plasma to

evolve in time. In essence, this is our philosophy - a dynamic
5

Bennet pinch. Also, 1like Shearer, who 1included a radiation

cooling term in the form of bremsstrahlung losses, we also R

.1‘ } , l‘_"‘j_

include radiation cooling but in a more extensive fashion. The
radiation cooling term in our model includes contributions from

w free-free, free-bound, and bound-bound transitions and are

v s Y B

determined from a Non-LTE <collisional-radiative model of the

X

- g¢-

oy . ionization dynamics.3

. The model - SIMPLODE - treats a cylindrical annular gas puff
. plasma of uniform density carrying a uniform current in the Z-

direction. Only the radial motion 1is considered - hence, the

IR BRI

plasma is always wuniform in the Z-direction, i.e., no axial
structure. The radial acceleration is determined from the force

equation, vig.
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‘ m/m \
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g mr % \
‘ the atomic mass and the thermal pressure is N{(1+z2)kT. The first k
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" pressing the plasma, the second term is the joule heating source, o
- and the third term is the power radiated per unit volume from the n
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volume V. n represents classical resistivity, and % the plasma
length. The self-consistent solution to these equations is what
we refer to as SIMPLODE. In the absence of a circuit model, (-
current waveform) is determined experimentally and used as an
input parameter. {The model 1is presently being extended to
evaluate self-consistently the zurrent from a 2ircuit model based
on the open c¢ircuit voltage.] It i3 not yet clear that there are
any significant differences between the current waveform as
recorded from the current monitors and t he tneoretically
calzulated zurrent waveform, except at late time, i.e., well
after peak 2zurrent, where the current c¢rowbars and does not
vanish on the experimental waveform. If taken seriously, it can
maintain the plasma in a heated <compressed state and overestimate
the radiative losses, i.e., predi2t a higher yield. Hence, the
input zurrent waveforms have been reduced to zero at late time to

avoid overestimating the yield.

III. Results and Discussion

Since most of the experiments were done with neon gas puffs,
the numerical simulations will also focus on neon. In addition,
the experiments were divided into two categories: with and
without the Plasma Erosion QOpening Switch (PEOS). To differ-
entiate between the categories we will generally refer to them
as the switch and no-switch cases, respectively. However, when
the PEOS was included both the peak 2urrent and current waveform
Were substantially different from the no-switch case. In fact,
the peak 2zurrent only achieved 70% of the no-switcnh value and
exhibited a much broader current waveform. These differences

will be quantitatively delineated below.

The SIMPLODE code requires as 1Input data the current
waveform, mass per unit length, and the inner and outer radius of
the plasma slug. The plasma length i{s taken to be 4 2om in all
the calculations presented here. For different lengths the total
yield ~2an be appropriately scaled. The selected cases c¢considered

are presented in Table 1,
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TABLE 1

% (ugm/cm) RB(cm) Ri(cm)
23.5 1.45 1.05
23.5 1.55 0.55
No-Switch 23.5 1.786 0.655
25.0 1.55 0.95
35.0 1.55 0.95
.23.5 1.45 1.05
Switzh 23.5 1.55 0.95
23.5 1.786 0.655
35.0 1.55 0.95

The experimental current waveform for the no-switch cases 1is
shown in Fig. 1. The z2urrent reaches a peak value of 1.25 MA,
has a current risetime of about 40 ns, and a FWHM of 90 ns. The
measured current waveform as recorded by the current monitors
crowbars at about 130 ns and maintains a steady constant value.
In reality, the current vanishes at late time, We have taken the
liberty of extending it to zero at 135 ns to insure that it does
vanish. This current waveform has been used for all the no-
switech simulations. This is strictly not correct since the load
impedance varies in time and this is not reflected in a modified
2urrent trace. In the future, SIMPLODE will be coupled to a
circuit model that wuses the open <¢ircuit voltage to self-
consistently predict a current for a time varying load. As an
example of the no-switch case we present the results of the
SIMPLODE <code for the current trace shown in Fig. 1 and the
initial conditions: M/% = 30 ugm/cm, Ro-1.55 em and R1-0.95 em.
Figure 2 shows the time evolution of the inner and outer
radius. Note that the outer radius pinches down to about 0.5 mm
and bounces back out at 150 ns, {.e., the fluid pressure exceeds
the magneti¢ pressure and pushes the plasma out. Tnis happens
significantly after peak current. The implosion velocity of the

5t
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outer surface is shown in Fig. 3 and reaches a maximum value of
2.1 em/usec and is zero at the bounce time. The effective charge
state, ZEFF, is shown in Fig. U4 and is merely a reflection of the
temperature and density of the plasma. The sharp spikes are not
real but are numerical artifacts associated with the time-step
used in this particular calculation. If a significantly smaller
time-step was used these artifacts would disappear 1leaving a
smooth curve. However, reduction in At leads to significant
inereases in computer time. Test runs with smaller At's produce
values equivalent to "eyeball" averaging and smoothing of the
resuits presented in Fig. 4. The effective charge state of the
plasma is about 8 at 50 ns. The temperature is shown in rFrig. 5
and reaches a peak value of about 125 e¥ around 140 ns. This
occurs wWell after peak current and during the final compression
phase before bouncing out. The ion density peaks around 150 ns

with a value of 2.2 X 1020

em™3 as shown in Fig. 6. Both
temperature and density peak during the final compressional
phase. The ion density has a narrow, well peaked delta-function
like profile representative of a good compressional implosion.
The local K-shell radiative yield is shown as a function of %time
in Fig. 7. A sharp pulse is emitted over 12 ns beginning at
about 135 ns and essentially terminating around 147 ns attaining
a peak value at 145 ns. Finally, the total integrated K-shell
yield is shown in Fig. 8. The total K-shell yield is about 2.1
kj and 1is approximately the sSame as the majority of GAMBLE 1II
results. Maximum K-shell yield for GAMBLE II neon experiments is
predicted to be about U4 kj. This optimized yield has been

achieved experimentally.6

A similar set of numerical simulations were carried cut for
the case of the PEOS. The initial mass per unit length and radii
are the same as the case above, However, as already noted the
current trace is different. With the PEOS the current waveform
is represented by the profile snown in Fig. 9. The peak current
1s about 0.88 MA, sharper current risetime and a broader profile

width, The current also remains on for a longer period of time -

L)

. until around 220 ns - a full 85 ns longer than the no-switch
" 's:
‘::";:. 6
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case. The details of the implosion dynamices are shown in Figs.

10-16. Note that with reduced peak current it takes longer to
drive t ne plasma in and results in a somewhat softer
compression. This is reflected by the slower implosion velocity
and 2orresponding 200ler temperatures and lower densities leading
to reduced KXK-shell yields. These results indicate that peak

current and its maintainence appear to be the only parameters

that influence significantly t he yield, assuming some
optimization of the kinematics. The influence of the current
risetime will be discussed below. This revelation 1is not

4

surprising and is consistent with our earlier findings” and is in

agreement with most 0-D <zodes.

de will now discuss the results of a series of numericzal
simulations illustrating the systematiz behavior of the kinemati=»
variables and yield as a function of mass and radius. The first
series of simulations varies the mass/length while maintaining
the initial radii fixed, i.e., Ry = 1.55 2m and Ry = 0.95 ¢vm and
M/f% varies between 15 to 35 pugm/cm in 5 ugm/cm steps. Figure 17
shows the maximum velocity as a function M/ for both the switch
and no-switch rcases. For a fixed peak 2urrent, the higher the
M/% the smaller the peak velo2ity of 1implosion-pushing on the
plasma with a greater magnetic force produces a greater plasma
acceleration. These results suggest the following scenario: the
nigher the peak current the higher the peak temperature, density,
and K-shell yield, provided, of course, that the current is not
so high that it burns through the K~shell, whi¢ch would result in
a reduced K-shell yield. This is shown in Figs. 18-20 which
compares the switch and no-switch results., The higher the peak
zurrent the Dbetter the quality of the implosion, assuming
optimized kinemati2s, again provided there is sufficient mass for
good K-shell emission. The neon K-shell yield presented in Fig.
20 shows that below about 22 ugm/cm the K-shell yield is actually
greater for the lower peak 2urrent (switch) case than the no-
switch case, The explanation is that the higher current no-
switch case burns through much of the K-shell for low mass loads
and hence, has fewer K-shell emitters and therefore produces a
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reduced yield. Above 22 ugm/cm the no-switch yield continues to
increase as the available number of K-shell emitters increases.
Also note that in support of this behavior the yields of each
case 1is optimum for different masses: the no-switezh cage at
about 26 yuygm/2m and the PEOS =2ase at about 22 yugm/~°m. The
perzent ratio in peax zurrent is virtually the ratio of yields;
i.e., peak currents are in the ratio of 8/12.5 = 64% while the
peak K-shell yields are in the ratio of 2.1/3.2 = 65%. This is
not meant to suggest that the relationship between 2urrent and
yield is a linear one, because it is not, it is only indicative
that in general, for optimum kinematics, the higher yields are
associated with higher currents. In fazst, a scaling law has been
derived and suggests that the K-shell yield scales approximately

as the fourth power of the peak 2urrent (actually I3‘8).

The influence of <2current risetime on the yield is not as
obvious from these calculations as it is from the experiments.
The experiments indizcate a sharper risetime current profile, and
larger yield of the radiation K-shell pulse when the PEOS is
used. Also, the plasma appears to exhibit less flaring and more
uniformity with the PEOS. Calculationally, we cannot comment on
tne plasma structure with the 0-D c¢ode but the 0-D results
predict good yields. In faect, a series of runs were made with a
reduced peak czcurrent in the no-switeh ¢ase equal to the peak
current in the PEOS case. The yield was half the PEOS yields
supporting the notion that sharper current risetime's influence
the yield. It's as if the current "hits" the load so quizkly
that the load just percolates and then coasts inward producing a
more uniform implosion. Obviously this is an area that requires
further investigation if we are to understand the influence of

sharp zurrent risetime pulses on the implosion processes.

The final set of numerical simulations involves keeping the
mass per unit length fixed while varying the 1initial sheath
thi2kness, The 2onditions are for M/¢=30ugm/~2m and a fixed outer

radius of 1,55 2nm. The results of the calz2ulations are shown in

Figs. 21-24 for both current cases., The peak velocities degrease
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slightly with increasing Ar whizsh just reflects the behavior of
the outer boundary vis a vis the inner boundary: i.e., since the
mass, outer radius, and zurrent are fixed the only variable
parameter {s the inner radius. Depending on the time it takes
the inner radius to collapse influences the competition between
magneti~2 and fluid pressure and the bounce time of the outer
boundary. In Fig. 22 the peak densities are plotted as a
function of Ar., The higher densities occur for lower values of
Ar and result from more particles per unit volume initially (even
though the total number of partizles per gram is the same in all
2ases) combined with a better implosion, i.e., hnigher velocity
and greater compression. For larger Ar the difference between
the switch and no-switch cases is not readily disczernable on the
grapn but the no-switch case is about a factor of two greater for
tne higher values of Ar. The peak temperatures as a function of

Ar are shown in Fig. 23. At first glance the results appear
contradictory in the sense that it might be anticipated that the
temperature would decrease as the sheath thickness increased
sinze the implosion exhibited slower peak velocities and lower
peak densities. Actually, the peak temperatures increase because
there are fewer emitters which reduces the major source of
radiation cooling - line radiation - keeping the plasma hotter.
This is further evidenced in Fig. 24 where the peak radiative
yields are shown as a function of Ar, 1i.e., the yield (or
alternatively, the radiation cooling) decreases drastically for
large Ar. Since the yield is shown only for the X-shell, a
logical conclusion is that the temperature becomes hot enough to
erode the XK-shell, i.e., reduce the number of emitters, and
reduce the plasma <2ooling causing the plasma to remain hot.
Finally, the radiation pulses emitted by t he plasma
experimentally are longer than those calculated. This effect is
probably due to the "zippering" effect of the implosion and is
not included in the model. Efforts to stagger the implosion to

simulate this effect are 2urrently underway.
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Iv., Summarz

A series of numerical simulations were performed to
investigate the behavior of an 1imploding neon gas puff for
conditions similar to experiments conducted on the NRL GAMBLE II
pulsed power facility. The calculations were done using the
SIMPLODE code which 1is best described as a 0-D Non-LTE Dynamic
Bennet Pinch model. The Non-LTE model was based on a
collisional-radiative equilibrium description in the optically
thin approximation. Line radiation from the K-shell only was
presented although total radiation was accounted for in the
radlative cooling term. The results of the numerical simulations
are in reasonably goocd agreement with the experiments - at least
to the extent of the limited comparison. As more experimental
data is unfolded, particularly, emission spectra, a more thorough
analysis should lead to a better understanding of how to control
tnese implosions. What we have learned from these simulations is
that impressive K-shell yields can be obtained with neon on the
GAMBLE II facility and that peak current (and possibly current
risetime), assuming optimized Kkinematies, is the single most

important parameter in influencing radiative yields.

ACKNOWLEDGMENTS

The authors would like to thank Drs. F. Cochran and R. Terry
for helpful discussions. We would also like to thank J. Guillory
for paving the way and sharing his experience with us. Also our
thanks to F. Young and S. Stephanakis for sharing with us the
experimental data and discussing its interpretation.

This work was supported by the Defense Nuclear Agency.

10

. -\x\\ WS \_‘_5.
O L8 \1‘-1 f* '\ -\,-T "1.\{

R AR AR

¢ T e B T o«
T AT I

[afs 2% 28 SN AR ]

)
\

)
.-\ "o l‘ J‘.“

' [N
" N “‘tﬁ*

»



T
ﬁ L I T A R A (N R (R R N B RN A B T T T T T T T T T 1 J_ wﬂ.‘
! ]
H | O
! -
H I
b 4
: F
f -
i [
i cn
v 1
« [
—l ” hl L
P el [ )
[ A e
; v L L -t
v 4 e
DI -
[ _ I [}
i - >
- i oy
3 h - ) 8 )
, ) 1%
' S | =]
~ 1 1 o
- : | ©ow [
8] i P e [
y 4 - =3
b S
_ -2
"_ T
. l\‘\'\.l . -
: - W [ o
# C “ L.\l\l\l\\u\l |¢_ a —
L o R -
- T [7]
:_ b e J_ Q ]
' m - e o
ot B o =
i . - )
i - 1* a
LT 1
by .
i N (&) -—
L. o
{ t - r* .
s R > ]
L 1 . 4™ ot
e
1 -t N _ (e
r LR
b \ . [ 4y
! I — ey
' - —— -
/Ilf!/ |
[ R A VA S B S : Poo b b b T e
n mn s} uwr Al oy I wy LY w N n 1)
) ) 1) ) [ () () (3] 9 ) 0 (o] (g8 )
e - — - - . — - . — e - -
» " ' » ~ v s v v v P ~
(4 ry = (@) AN o ’ e [¥a) o ry ]
baltil Lyt
i SAONIPIAS IR I I . T .‘- o TSR TR by Sy heh b S R ol ), e




ET R TEATCTRRLP U LWt TaY

TTRY N S PN TWETY

E g

TR

V-
3 . K X
b ‘>‘
Y
.‘::. ': ‘F\ 1 : ‘ :'[7‘ - A‘ v '_ L' -_-
- b' -
Rt A amnh e et ettt sl et S A e R st R s St SR Rl
h-‘_-. ——— )
- ‘ 5 |
o] f :
. | ;
O ! B \ 4}
AN { I
S ! A J
S - \
"N | )
! o]
7 . \ 5
Y A y —
m \\\ I
| \ !
o - - .
- ' \ I
SN -
O =z - -
™ ""‘lﬁ - -~ L
AR _ | P
- g} - -
L — i \“ {
. |
by e b -
- 3 1
o = |
-~ T = -
_' ; jq 3
N - \ 3
\ 5 F e

ROTA)
—
a//
T

T T
AR A
RS
/
1

)
; : \ \
-'~'- L \\ *® _1
AT \ ‘\
) -
..“:.- = "‘\ \LL 7
- . <
ot ; ' e .
) NS SO UL U HOY AU USHURISAY S SV S DA GO Uy NI EVIS SO S U ESUH O Y AU G
C 2% &3 &0 26 10 1 140 InQ ISC 280 2P0 230 260 I50 GG
vt TIMEINTED
‘.::'
Fig. 2. Radius vs Time.

g
.

PN
.
ot

AT
1

e v

S AT

4
\

o LTS ‘-),‘- LA TR S AN R LA A A B Yoy '*'.' WS T T AT AT v (LA LY }‘P yLSA SRR
A ALIED ; LY > <
> () 2 " ’. .' 3 q..l: 5 20w Ly A. * ) -‘l‘ A a‘lg l& " ~ v .



[
~J
x
Kol
(e}
o

_\_\
o

, T v
i
: -
i _ :
- . {
\{-. P f =
e - | ‘
s L B
i \ ! 1
. A \ |
- 2 X }. 0 o r—. 3 f _
] \ ]
3 ‘("‘-. -5 | \ ‘H
e -1t = | -
o - \ i
-"l-. _: _’_3 X11]° ‘_ \ ‘/ -
0Lyt 'JL: L \\ i
i L’ w -
— = &
E -5x10° + —
. -
%y o - 4
SN — . 6
L — =10xI0° +~ \ —
A [ \
v S L ' | J
. = j
= N
> -12x10° b —
_\.-'_\ - -
ARN
--‘ 6
% ~1ax10° - 4
\I'-..‘ . -
e
-
r——

-
o4 “’)(ll‘ZS[J U R N S S S SRR [T SN SR ENUUUN SRS SO AU SN ST SO N S 1
G

P !
‘o ? TL4

_;_: 20 40 60 80 130 120 140 160 B0 200 220 243 260 280 300
. TIME (NSEC)

v-\'

-.\l

s Fig. 3. Velocity vs Time.

13




w
LY
8,08
it e T T blaging
e N -, 2 FINLE Iz
'}:, 2.5 7 A L LA SR SR S R S ;
Lo ,
Y 3.0 i
"::J |
o _ I
Yy 3.5 | l
ALY i
A i \l
\‘ i llﬂtl
3.0 i ]
‘ | !
.." |
L - |
g 7.5 ; v‘
3 | 5

ot

ey
3]

(o]
on
00 I T T L I L B

% 7.0 ! i
"-.l i !
o w
L > \
= -
M =
Y -':' . L 5.0
1
' N ‘
-ﬁ .b.
5.5

o

5.0

o ¥ o

- I
L g

on

ot d g a b e e by oo avatya e by vt d ey oy vt aaarbigay

el 3l';‘LlJLLJ_¥J#'Al‘4‘illl;:#lJL L o1
" 0 20 40 8C 32 120 120 140 180 130 200 22T 4R 2Bl 130

Y TIME (N2EC

[NV
Y
(D

s Fig. 4. Effective Charge State vs Time,

AN P 1
o]

2
LAy

N
i

’ 14

A
o~

A

.

S N R L S A S L TR

R Y (N P

»
LA P T R S ]
N gads
& 9 %]

- e

*\‘u‘:_--“ ~: ;:!.- A
RN :

Sl MALN ) d .



|

e me B S B AR B MR S R g ard anh sus tB-anh adel 8 aas-mab odn aed it st ol st stk oht sl Bt R el a it abitalil kit

PP

0o

R R R | w_wo.!_v\'d.ll|qt\'l_‘t_ T 7 | T T T T T T T T T ¥

d 1
260 280 3

JE
0 240

N3 [}

180 20

{NSEC)

|
|
\

|
n
140

J
!
120
TIME
Temperature vs Time,
156

|
80 100
5.

1 !
40 B0
Fig.

20

T TSNS S RS T NN TN UUUNNS VAN (U U NUUURY SN SR SN H

_
(4] o P.l.. O .fl.. ﬁU O O D O
) ™~ - o [P w o w w <

] - . -—

(A3} UN1HYI4WIL

.:ﬂ.\ﬁs.&n.& 'y "3 YT YT .-A..A-r-...4-t ¢ et Y v Yy e v -.»...-nn-.-.-!y: O -; .

te, gty dy ey c:f:a::r«.:f???# AR S G Y .\\x.. ! ,.:...... - L'y

LA
K
.
-
o
\
«
g
o
4




o

AL A S S S B A A S B SR RS B S IR Bt A B

r
L

N
Ion Density vs Time.
16

5 8
Fig. 6.

T
I

!
40

4

i
20

'
—

v ca e b

(o]} o m m o o

_
3
«) [ap] o [om] (o) () [@n)]
. -3 — st - - —
> x X b4 > ¥ X
cJ (S ) (48] ] -3 (Y] (]
™)

[aX] . - - - .

(oM
5x10!% -
4x10'%

0

)

8x

(D0 1 ATTONIT NG|

g
AR O U AP PRI
SEs AN
7




»
1
)

(e
AR T2 U L e I 0 L L L L L LB B S R
r
O
— @
o~
o
3 -1 O
I
9 ]
[
o H4s g
o N
B i [aN] .Nv-
et m . e
b o~ [} Y
- -4 m o
| 3 o o
(] § 1
| J o~ & .n "
N 17w 2
J > ‘
— 0 S
_ - ..ﬁ-‘
; 7] &) ..N ..V .
L - m WL ) ca o
! ?
= AR E A
. 7 oo ‘-8
S = o o o~ v
i1 L — m.. :Mn_ - P .-x.
1 4 =2 8 vy
- o 7o
. — i o
o R — [ | Ve
[ ) _-
] (&l .
i - 3 P
a ~ Je,
b - o ,
ry 1o . .
1] - -] .
\\t O i -

T YO T U O Y O O W T 1 S Y T O B O K

e [ o - U © w o Tg} o n o
g g o4 X i il cJ ~ — —

G WL /7 01314

20

o T BT P2 TS LR NSNS . 4 A A AR A B S R P S SN s LI IS SN Y S ] e AT v e
1,4 R PACIE S o PR St A F d AL k. 2 v Ak Al N Al
. .rb- \»- -. a-. < “ o = 2o ) > -.. h-. ,.~ ..‘. , oW .:. 5 \ -. [y ..-L .- . ...| . y«..,»-\ f -4.-...~.P.-u.-\ -.- -L » \I,-:-%n-a.-)\- o .. g w.,‘ 4, ..- v, IS




[ St i S S S RS s U St S A R S SR A BNSLANS B A =

-

i
i
240

L
I
180 2C0 220

e
-
-

Ll

|
i
!
/
|
|
i
]
|
4
0

Ll - ’ e ——

NI
J
!
16
TIME (NSEC)
Total Yield vs Time.

1

8‘

0
Fig.

SRS SN USRUY TR NS SO WU NUUNS DU PN EU SN SR R DU SN VS I S SR PPN BN RPN
o o < o - o o o o o o )
) 0 i B = & © o O O &)

I & Ivs) @ <t ) o m © I 4
rJ [N o — < ae -

O Hi]

LV a_ o w s & 4

-.~.-.. “y Ye Y Y T
RPN - KR
i R



T

i Al g B Al e - B

Gt S i B i Sl -t

o

TRy T wowy

NE

-

LA

g

24C 263

(e

¥

o

(&S]

2%

0

(NSEC)

TIME

PEQOS Current vs Time.

ig. 9.

F

19

[ NS AR U KT SN S SN SN SR VD TR B R o

[t}

A x

~

S 5 5 5

u wU C O O _.
f funt — — —

x x ¥ x >

omn n ! m r}

fAWHY  INAMNND

S I e ] s e m e e -
i ‘ot DA A
8, ~m~.\l. v ' alslagslelal




T T IR Y W T VR T TN T

L R £

[

5

T . _ ) | I D S | t ‘..n.a. I A y.d.‘ll|~|,|~ T T T
,4 !
/ —
& q
o~ J
G.\\\\\@\; 1
- T 4
- -
-
o o
\.0\\ 9\ -4
L
\\@.\ 9\ .g
e \ -—
- 9\ n
\\& ~
\. \\\
\\ \\9 Q
/" - .
/ ' ]
i \ 1
R
@
| / -
. IS RSN NSO S A RN (U S B L1 T 1
e o Y] o ) [Te) o o o
WO NE Ty (N (Hoy
Y T L1, _.-.-,.-.....\. ARSI y Ny e AyAy e Sy PRSI AT SNY |
£y LA v .‘-- ot ., .-\'-n-.. . ¢ o2 --.\--.. N f
-..\P\ .---0 ﬂ-dl.-n .;-.\.;«-1&-- -\ -:- RIS R ., -wnn‘%Mq\.-..t..- -.4.\ -\ --,-.-- .;-r.\

300

280

220 24C 260

18C 20C

80 100 120 140 160

a

«

40

20

IME (NSEC)
Radius vs Time.

-~
v
i

101

Fig.

L e e e,
LA
IR AR R

20

R L

LN L I I
PR

.
.
o)

e e,

.
)




c
4 0)

' 'S Sanan et (il paelis S G S | T 1 T 1 T 1 T Y 19

«J

v il - il “alil g -
LY

T

s

’/

|| i
220 240 2

180 2060

ot G B A S P A )
Z PINC
! T
| !
140 160
TIME (NSEC:
21

Velocity vs Time.

1
120

|
100

AN

LR ]
1

11.

[
TN
\\\
\
1
30

-
\
1
80
Fig.

g ﬁ R DU R I IR T IR | R | v e )y

w [(a] w o w iy w
(
-
x

~B

0
L) ) (&) o (]
- D - — —
3 S x
Y o) o) o 48] Ty (o] C
¥ | )

1

-i2x

{24S/WN AT TIA

ey . - e e e, g e s e e e - . .- R . . 1 e e e e 11.4.-. .---cv
qm.nn. -ﬂhih.f} .L-N..lmu—.- N R REAEREATSIR S e ) e L C0 A SOODENNS . ) Wi . MYNY.). o N T
Yy ) WAI I DI M) -« - .




R AR o o |

LBAIR S =g i3 0

N 2

LA e G 2 Al il g - Bl

hoatie Sadh Sl 0

e e e

e

f1e

m

_—ﬂ_-qq.4_____~—__qq_qq.#—_._ﬂ\ﬂﬂa_q._ —‘_.Aadjl_.l_.ﬂx.-l«l_‘q‘—.—lﬁlﬂr.—l—vgvﬂjﬂljj\qg

—

— =

=

TR o

———

[~

NEEEREE R R RN R N RN AR RN RN AN RS SN NS NN . v

L

Lz

8¢ 2CC

ST SRR RN R B

-t

L)

(af]

in

o

(A

AR

re

[

'

t

1o

o«

RN ERN R

[

«w

(X

gl

[}

tm

m

g

™

g

[E

on

3CC

260 25C

24C

g

~5
wd

~
|9}

180

Effective Charge State vs Time.

12,

Fig.

22




— ‘r"-—'t—v'*'.’
,
.

:C

b TP T T T T (VT T T e ) [ OT O U O T I T T T Y O

N
11 [l

(kg
)

1) L - o .

Temperature vs Time.
23

13.

B ot
- ) [x,

.

beodeeeebos becerd s o bovoc e e o oo e boae b daaad o

[N uH () uH (@8} ) t VA [h] L [en] 5 .U 5 O 5
Al gl m r- ™~ on R tn L [+ S o™ o N (V] —

AT INTHN AW ]




[
[ A D B i RS A B B LI A R B ln_v\ T ﬂ:}ﬂl‘ﬂl .ﬂ'l—ll.’ll—llldl.ﬁ? T T T ~ “‘., *
(99
i
0
[
A
<)
L)
4 <
. (g
t SN
B A
——r
1) P el "l
w7 ° _nf. 4 .
L i 9
o T o E
! [ N 4 -
- e S . &
C — -
bt} ~ g
. n
) .././J . : g
€ g
! /. ‘_ LF N m__,_ >
g Vol
. {0 4
' NSNS «
0 - [ =4
| = Q -
v o ' o) [}
. - : c
1) (o]
Uy | ) =
i I
. | - -
/A t =T
- N s —
e Qr
by i - L3
prae .A [ &0
we -t
(¢ A
- Ay
* 7
._ N
Lot bbb Lo b b b b Lo b b b o o
“ ® ® it @ © k] @ ® o < st ® Y b
[gn] (0] (ap] (o] [om)} [pe] (6] (an) (e8] (o] () (o] o (o] o (W]
e = — i it — o ot — putt — — — — ——
X x X x x X ~ > < x x X > * %
(- e8] w b M ™~ O 0 {18} <t o o 0 o < cJ
(ta] [g¥] o) £~ [am} (V] .t — — - —
(1) ) ALISNIO N@

v v Ry o 2 il N i R R R Rt ol Bt ] i 2on g It B Dl s LA M A M ‘F € r T ¥ PP AT o T ) o PGP T T P YA o L - - — .
E &P,'... i .ﬁ\-\p N-n‘v. \.. DTAARR - VM ANS ST LAt Hy by Ay Byt 7 g e o e o 0 IEIIR B A PRI B P L R 2 A=) e o5
y 23 iy S, ’ FRES M ¥ I AERENINESENS T a e M Y AR INLAR) BTy ’ . .K‘N%
s e R R RAkr.  VPINPS. AR ~ ASAAGAn” HRUSUENT INGDeer | | et



T @ T T
[y

ac

| I S S S A e A A e ) 17777 1 T T T T 7 T 7 T 1 T T

-
=
-

L
<30

b

ki
240 2838

-
A

250 2

Lad &

1

200

]
|
Lo
180

{
160
(NSE
Local Yield vs Time,.

i

i
-~

11
14C
TIME

120

3

1
80 100
15.

50
Fig.

49

(U DR DN A S VR N ISR S VY U PR SIS VN SN SO SIS [ WA AU SO IS S N SIS W GV RN

cge ) ) . (= (T s ~ «Q w -+ ™ N 1.. P

A31S IWTT /7 011A

" . - e =g Py e Ce . o e e e e atoe L, et . .
Ko .mwmmxux - HAARMEY ~ COGONS By RGO  DRARKAAR — Zribhiiis (el 7
?\gpi b I y o= . ¥ PRI " ’ i ¥ . N v "2 % Au -vh .




ry- oo cdaan et aaad e gl |

[

ety
)

P
g
2r A% n
r
d

Aty by

L
JS T U T

'-"_. !

ool $100 °

N ; ¢
o ] |
‘)\'_" ‘ (
e 1on0 b |
ba” " {

[1e)
(wn]
(ws]

T

S TN O W FO'S

I Y T

TTHL TIELD

300

By
2 Ta %yt
i
3
LENEE (R B A B R B L BRI

- 300 -
). 20'_1 -
e
_\:j-. 8
- £3C -
ol 1
- : ‘ , ]
e o T [ G S S I A PR GO VRNV S A TN BN S Lol J

| )
n_ 1) 80 80 130 12C 140 160 i80 200 220 240 280 280 300
<o TIME (NSEC)

(ep]
ro
(W]

a8
¢

L

" Fig. 16. Total Yield vs Time.

.‘.‘%\l"l"
1 3 N L}

'i.

26

‘V""‘l" *'- .- 'r' q‘.' .F' A L "- 'yp '- $o ". ‘- .-, ‘.- ,\- .-- '\’ "q \' .‘”.\’_.. L v .‘_ -
S o S SRS O VA

LR S .'.‘.'-._‘-','-
&* --’-"‘ -( F‘h.' r




40

fmie)

"
= - d 8
-0 >

AR
(M/£) — ugicm

Maximum Velocity vs Mass for Fixed Radius.

10

~—

NO SWITCH
SWITCH

17.

l‘:"
Fig.

o Tel < ™ o - o
A

& 089S WO (] K —e— XBW A

217

ey

.':"- o~ ‘ ";* jv.;}.;-)'- \ 'q




ov

*SNnIpeH paXT4d JOJ Ssep SA dunqeusdwa] wnwixep

W/ 677 ~—(3/W)

]!

‘g1

A

w4 ="""1

HOLIMS
HOL1IMS ON

| 1 J

oov

008

00clL

0091

- e . ! 5 8
AR ¥ SR
AL ..-.,.- ‘v ... <..- R Ay Ny ..4).-..

000Z

ot ...»-n.a
R T ]
a'le it ale

v
0

o ._- Be) -4-.-%-“.-)

-
]

/\8»..;..29299_L

AN mAYy

f}j“mﬁﬂﬁﬁ,

<

* e
[y

ol
Y

-

caean
AN
>

AL
inttay

T
AN CRAN
\ \‘,i



R
L

M ; PR
...' f"l'.‘»' T

g 5
LR

', ""i':l:r‘ A
AL

@

33
y Yo 0 O

Sl
lll.l

[l ® A
! A
ARANRAN

o
“"o

—— X 1020

! max

e

&

10

ig.

I I

NO SWITCH

SWITCH

Nimax= }(M/?)

19-

10 20

(M/¢)—> pgl/cm

30

Maximum Ion Densities vs Mass for Fixed Radius.

29

. - .‘1 ~l -
TR RS S
it LA L

RS AR U R e R LN




v.'v
L4

77
v

N

LR s

.
&

N
s

oo
i"" P

»
0

U
a s

e
e Y,
l.‘l

MY

AL S
=

W

‘}f_? »

’
Da)
']

TR

NO SWITCH
- — — SWITCH

Sala el
BArEEN

Ymax= § (M/0)

" A. "} r ; '
Ymax — KJ

N | | |
o 10 20 30 40

L (M/¢)

Fig. 20. Maximum Yield vs Mass for Fixed Radius.

puglecm

N
"8 ..'
l".‘.‘(
L A ]

..
.

1000

‘.
et
RN

2 30 |

» %Y

- .-. -\ ..\ ..‘ Q-
.

o SOt :,-.}x:_'. o

o

o




a‘lnlI!--n-u-u-uu-nwnuq—nvnnqnne‘TL“
.

s

!

PO

NO SWITCH
SWITCH

1 |

25

-

|
w0 =)
-

20

28S/WI (| X ~-——XBWA

31

MR AT

e .’- 5~ \v'
ST

0.60 0.70 0.80 0.90 1.00

Ar —=cm

0.

0.20 0.30 0.40

0.10

L B e £t pioa dubnlgs Bas Lo SCh Roa Lo BT

Maximum Velocity vs Shell Thickness for Fixed Mass.

21.

Fig.




L 200 : i n

—d
-4

L NO SWITCH
K- 175 I~

SWITCH

180 —

125 —

J 2
Trnax ev

100

L)
NS
:.4'0,‘,',‘
PR
STt

Lot

75—

.
]
ARG

LY )

3
l
!

-
-~

| - [ | l
0.30 0.50 0.80 0.90 1.00

25

[

)
RN
T
E gt
e el s

.,

Ar ——cm

¥
AT S
Ty % Y

Fig. 22. Maximum Temperature vs Shell Thickness for Fixed Mass.

.
2 0% e
»'s o 8 2

..._.
3 [y
W . » +

v) a7l 2 A
. LR

Y
»

R s I AT
PR ettt
LN e

e % N DI i

LRI

32

SN
4 S




aDRtlNE { ofNCUONEWEAGY | apefutapeapees | ACPDAR s § b MOMatstes | MBI § Attt | et el | RSNSOI AR TR TS ¢ CR AN s

”

[

h

]

b

m_ ‘SR POXxT4 JOJ SS2UNOTYL TTaUS €A £q78UaQ uol wnuwixeW °*°€2 814

)

n.. w) -— hq

m 00°L 060 080 0L0 090 050 ovo 0£0 0C0 oLo

: T T — — 1

g

o

3

” — — 01t

4

g

- | — <

. 0c w
x &

i e |
X
o
HLOIMS
— HOL1IMS ON —1 0S
] | ] | ] I ] 1 |

e T e RPN ARV 1% IR -4 RIS ST - =X I e 1w B P o] SR W, PPN o W LA



Ca B i £ g s e e e s mao 2

[ Bekkey §

0t

"SEEW PAXTJd JOJ SSBUADTIUL TTOYS SA PIdTX wWnwixel °pg °*3r14

wo - ._q

0l 60 80 L0 90 g0 14y €0

'l

cl

O |

i

ol [ _ _ I I 1 I I

HO1IMS ON
HOLIMS

ll’lll\

— 61

. RS FLICIL ...-... .. q,..--.--. * »-.-.n...‘.-....--.. J.-n-ﬂ.-.-. o etate v --\Im
,nh-.fni)ﬁu A-*- J..»...- Yt e R -W A y] 2 %! [
statatate e AN .4 I S s l.-fn--.-.. ..-.m.\x--.

v AN AN

- A N M .\N-'.(-:- -(.f .!.. Ry *Rﬂ"\ .-»tﬂ.
i W " Er

.r' [
. ‘:!l.n

-y -
-

.,._




REFERENCES

-, 1. P. Burkhalter, J. Davis, J. Rauch, W, Clark, G. Dahlbacka,
= and R. Schneider, J.A.P. 50,705 (1979).

o 2. M. Gersten, J. E. Rauch, W. Clark, R. D. Richardson, and G. M.
- Wilkinson, Appl. Phys. Lett. 39,148 (1981).

3. D. Duston and J. Davis, J., Quant. Spec. Rad. Trams. 27, 267 (1982).

- 4. N. Krall and A. Trivelpiece, "Principles of Plasma Physiecs,"”
McGraw Hill Book Co., N.Y. (1973).

5. J. Shearer, Phys. Fluids 19,1426 (1976).

5. S.J. Stepanakis, et. al., "Effects of Pulse Sharpening and

7

Gas Puff Imploding Plasma," APS Plasma Physics Meeting, Boston,
’98“0

r

?.“ LA
et

_‘.,
s
-~

.
. 'l " .
L't

L}
1

A
A

Y
' \.: 35

- .,\“- NARE \‘

Y ,p_\‘\ R __,

. o
#Jg‘f\ \-, J".-f.‘-\.ﬂ-., Ryl \ \‘( o .M' ‘s‘:‘ ‘ \ ¢< ;‘v ,..r\



o L il g = g (i G aeih - e &gt i e g ad il d - At IOMCESEL pug ped aaed UL i e sedi e il AR e ‘-?
> * -

DISTRIBUTION LIST

- Assistant to the Secretary of Defense 1 Copy
N Atomiz Energy
:T Washington, D.C., 20301

ATTN: Executive Assistant

Defense Technizal Information Center 2 2copies
Cameron Station
) 5010 Duke Street

S Alexandria, Va 22314
D
T Director 1 Copy
N Defense Intelligence Agency

o Washington, D.C. 20301

] ATTN: DT-1B R. Rubenstein

A Director

rs Defense Nuzlear Agency
e dashington, D.C. 20305

e ATTN: DDST 1 zopy
" ATTN: TITL 4 copies
T ATTN: RAEV 1 copy
- ATTN: STVI 1 copy
- Commander 1 Copy
e Field Command

- Defense Nuclear Agency

e Kirtland AFB, New Mexico 87115
P ATTN: FCPR

o Chief 1 Copy
')' Field Command

o Livermore Division
N Department of Defense

o P.0. Box 808

A Livermore, CA 94550

- ATTN: FCPRL
P Director 1 Copy
N Joint Strat TGT Planning Staff

o Offutt AFB

L Omaha, Nebraska 68113
-1 ATTN: JSAS
®

T Undersecretary of Defense 1 Copy
A for RSCH and ENGRG

. Department of Defense
AN Wwashington, D.C. 20301

g&: ATTN: Strategic and Space Systems (0S)
i ]

-:-{2

Y

N

0 37
2%

------

~h =

RS ety




. - - - . Y Py - - - - - - - - - N LB S Sl the B *Sali Nl “wiadio e o4 TR W R YR Ty Ty P CHL R -
S ’ . ""T
_j: Deputy Chief of Staff for RSCH DEV and ACQ 1 Copy
- Department of the Army
Sa Washington, D.C. 20301
KR ATTN: DAMA-CSS-N
N
B Commander 1 ~2opy east
e Harry Diamond Laboratories
;:{ Department of the Army
- 2800 Powder Mill Road
<o Adelphi, MD 20783
" ATTN: DELHD-N-NP
) ATTN: DELHD-R J. Rosado
s ATTN: DELHD-TA-L (Tech. Lib.)
:3§3 U.S. Army Missile Command
"~ Redstone Szientifiz Information Center 3 Copies
Attn: DRSMI-RPRD (Documents)
Redstone Arsenal, Alabama 35809
o Commander 1 copy
o J.S. Army Missile Command
- Redstone Arsenal, Alabama 35898
ATTN: DRCPM-PE-EA
B Commander
L U.S. Army Nuclear and Chemical Agency
b 7500 Backlizk Road 1 copy
- Building 2073
i Springfield, VA 22150
ATTN: Library
o Commander 1 Copy
g{f Naval Intelligence Support Center
e 4301 Suitland Road, Bldg. 5
) Washington, D.C. 20390
2 ATTN: NISC-45
Z;u" Commander 1 Copy
.- Naval Weapons Center
S China Lake, California 93555
- ATTN: Code 233 (Tech. Lib.)
i Offizer in Charge 1 Copy each
e White Oak Laboratory
ol Naval Surface Weapons Center
R Silver Spring, Md. 20910
B ATTN: Code RUO
o ATTN: Code F31
o
~.~.\b
N
)
'\.:.\:
Pe.}
i_?
% |
CaC |
s 1
‘N 38 ‘
o |
1 )
e |
b i W R R S U T B T R AR T " ~ b - R AL RS




OO
|$}
N
B
$ ; Air Force Weapons Laboratory 1 Copy each
ay Kirtland AFB, New Mexico 87117
32 ATTN: SUL

(_‘ ATTN: CA
Lt ATTN: APL

e ATTN: Lt. Col Generosa
250

tﬁ: Deputy Chief of Staff 1 Copy
{xj Research, Development and Accounting
' Department of the Air Forece

. Washington, D. C. 20330

xS ATTN: AFRDQSM

> Commander 1 Copy
lijf U.S. Army Test and Evaluation Command
0 Aberdeen Proving Ground, MD 21005

ATTN: DRSTE-EL

;ﬁ- Space and Missile Systems QOrganization/SK 1 Copy
S Air Force Systems Command
s Post Offize Box 92960

T Worldway Postal Center

g Los Angeles, CA 90009

oM ATTN: SKF P. Stadler (Space Comm. Systems)
%i; AVCO Research and Systems Group 1 Copy
t}: 201 Lowell Street

" Wilminton, MA 01887

ATTN: Library A830

4 ".v\

7 BDM Corporation 1 Copy
B 7915 Jones Branch Drive

N McLean, Virginia 22101
%8 ATTN: Corporate Library

)

DR Berkeley Researzh Associates 1 Copy
- P.0. Box 983

e Berkeley, CA 94701

S ATTN: Dr. Joseph Workman
N Berkeley Research Associates 1 Copy each
s P.0. Box 852

” 5532 Hempstead Way

o Springfield, VA 22151

" ATTN: Dr. Joseph Orens
' ATTN: Dr. Nino Pereira
¢;§ Boeing Company 1 Copy
K P. 0. Box 3707

:}: Seattle, WA 98134

e ATTN: Aerospace Library

’\:::

‘_\

.__"-

- 39

w2

g

'--' .'. ' -
A
AR



AN The Dikewood Corporation 1 Copy
Y3 1613 University Bldv., N.E.
jij Albuquerque, New Mexizo 8710
S ATTN: L. Wayne Davis
ﬁ EG and G Washington Analytical 1 Copy
Yol Services Center, Inc.
o P. 0. Box 10218
N Alouquerque, New Mexizo 87114
i:f ATTN: Library
e General Electric Company 1 Copy
o Space Division
L Valley Forge Space Center
e P. 0. Box 8555
SR Pniladelphia, PA 19101

i ATTN: J. Peden
¢§: General Electriz Company - Tempo 1 Copy
N Center for Advanced Studies
B 815 State Street
Wt P.O. Drawer QQ
e Santa Barbara, CA 93102
ATTN: DASIAC
o Institute for Defense Analyses 1 Copy
A 1801 N. Beauregard St.
o Alexandria, VA 22311

ATTN: Classified Library

.}ﬁy IRT Corporation 1 Copy
198 P.0. Box 81087
\:f: San Diego, CA 92138
Ay ATTN: R. Mertz
,.~__ JAYCOR 1 Copy
;ﬁ: 11011 Forreyane Rd.
¥ P.0. Box 85154
i;j San Diego, CA 92138
3 ATTN: E. Wenaas
e JAYCOR 1 Copy
R 205 S. Whiting Street, Suite 500
Ny Alexandria, VA 22304
:}‘: ATTN: R. Sullivan
¥
¢} KAMAN Sciences Corp. 1 copy each
s P. O. Box 7463
M Colorado Springs, CO 80933
FA ATTN: J. Hoffman
o ATTN: A. Bridges
o ATTN: D. Bryce

ATTN: W. Ware




=)

i_a 1)
' & & . ayAy

fe e e 4

L 40

o4
i

ol A

P

ISR NN

DY YYA0S

L2

Lawrence Livermore National Laboratory
University of California
P.0. Box 808
Livermore, California 94550
Attn: DOC CDN for L-153
Attn: DOC CDN for L-47 L. Wouters

Attn: DOC CDN for Tech. Infor. Dept. Lib.

Lockheed Missiles and Space Co., Inc.
P. 0. Box 504
Sunnyvale, CA 94086

Attn: S, Taimlty

Attn: J.D., Weisner

Lockheed Missiles and Space Co., Inc,
3251 Hanover Street
Palo Alto, CA 94304

Attn: J. Perez

Maxwell Laboratory, Inc.

9244 Balboa Avenue

San Diego, CA 32123
ATTN: A. Kolb
ATTN: M. Montgomery
ATTN: J. Shannon

McDonnell Douglas Corp.

5301 Bolsa Avenue

Huntington Beach, CA 92647
ATTN: S. Schneider

Mission Research Corp.

P. 0. Drawer 719

Santa Barbara, CA 93102
ATTN: C. Longmire
ATTN: W. Hart

Mission Research Corp.-San Diego

5434 Ruffin Rd.

San Diego, California 92123
ATTN: Vietor J. Van Lint

Northrop Corporation
Northrop Research and Technologr Center
1 Research Park
Palos Verdes Peninsula, CA 90274
ATTN: Library

Northrop Corporation
Electronic Division
2301 120th Street
Hawthorne, CA 90250
ATTN: V., Damarting

41

20py each

copy each

Copy

Copy each

Copy

Copy each

Copy

Copy

copy

« D

b LR
£ Toagh e e
. 43 iy

R i A%
< . ‘u"\?:,\."" &

-,

L T IR R
o R e e T e

-l

W o, o sl e,

A R

»_on op

o L)

g ¢

Y s X T

i A%

.

et W




:; . ‘ - . .l 3 B o v B - K ' a i wats el bl Ul Sade Sl Ghr g b e i Sa B M-I B S S S dhadi ALt A A g0 & - SR S NiZ i ao i g
Yy
i
55\ Physies International Company 1 Copy each
:fz 2700 Merced Street
AN San Leandro, CA 94577
r“¢: Attm: C, Stallings
fo Attn: C. Gilman
‘S R and D Associates 1 Copy each
5 P.0. Box 9695
‘o Marina Del Rey, CA 90291
122 ATTN: W. Graham, Jr.
el ATTN: P, Haas
?Cﬂ Sandia National Laboratories 1 20py eaczh
g P.0. Box 5800 ‘
o Albuquerque, New Mexizo 87115
R ATTN: Doc Con For 314l
) ATTN: D. McDaniel
y ATTN: P. VanDevender
[ ATTN: K. Matzen, Code U247
:}} Szience Applizations, Ine, 1 zopy
a P. 0. Box 2351
pha La Jolla, CA 92038
A ATTN: R. Beyster
:f# Spire Corporation 1 zopy
e P. 0. Box D
o Bedford, MA 01730
ATTN: R, Little
fmﬂ SRI International 1 zopy
-ﬁﬁ 333 Ravenswood Avenue
O Menlo Park, CA 94025
- ATTN: S. Dairiki
. S-CUBED 1 copy
AN P. 0. Box 1620
~he La Joila, CA 92038
- ATTN: A, Wilson
- Direstor
DA Strategi~ Defense Initiative Organization 1 copy each
e Pentagon 20301-7100
e ATTN: Lt. Col Richard Gulliskson/DEO
-;:: Dr. Dwight Duston
.
9. Texas Tech University 1 copy
e P.0. Box 5404
s North College Station
e Lubbock, TX 79417
o ATTN: T. Simpson
VA
.,’
b
‘it'
-7

'O 42




TRW Defense and Space Systems Group
One Space Park
Redondo Beazh, CA 90278

ATTN: Technical Information Center

Vought Corporation
Michigan Division
38111 Van Dyke Road
Sterling Heights, Maine 48077
ATTN: Technical Information Center
(Formerly LTV Aerospace Corp.)

Naval Research Laboratory
Plasma Radiation Branch
Washington, D.C., 20375

Code 4720 50
Code 4700 26
Code 2628 20

Director of Research
U.S. Naval Academy
Annapolis, MD 21402

AN
“«

«
Ll
L
“
-

it 7 (ol

.",")"'_l PO

A ‘u

I s v




(e Ualilireeia)  erpciptprhing | sk balnln g QR sl | Tt MR 2 2 PrNCE ¥ CPirOrpund s OV .

00€$ 'ISN 3LVAId HO4 ALTVN3Ad
SSINISNEG TVIDNI40

YN SSYI1D QHIHL
9i€-aoQ - '9'q ‘uoiBuiysepn
® a 000S-SL€0Z 0Q
aE— AAVN 3H1 3O INIWINVEIQ AHOLVHOBYT HOUVY3ISIH TVAVYN
Qivd $334 ONVY 39V1SOd —_—
AAVYN 3H1 30 1NIWILNYCIO

SN N 4 R B N - b P . .- ..-....
\S'Lr‘ P ,..-l-lia-.v i 4L 5% n-.-. .-h.. Wy .-W.:. a S R ), St ..-.:..,.- .. P S S &t --..-..--\. B I.-.- v e oGy L \.J— BS L | \u.lJB



.
-“

l’_l'_t

‘;’_
o
o
<

y o
i

.
vy

*

9-85

A% ' 4 2(?22?&*‘:“@:‘5':#&%&&& b vy




